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INTRODUCTION 
Victoria blight of oats, caused by the fungus Helmintho­
sporium victoriae Keehan and Murphy, has been effectively con­
trolled by the use of varietal resistance. The close linkage 
between genes for H. victoriae susceptibility and crown rust 
resistance, however, has made utilization of the Victoria re­
sistance to crown rust virtually impossible. The capricious 
nature of rust races requires that, all possible sources of 
resistance to them be available for use by plant breeders. 
Studies leading to the control of Victoria blight by means 
other than resistant varieties could free the Victoria type 
of crown rust resistance for practical use, as well as con­
tribute fundamental knowledge on the ecology of root disease 
fungi. Certain aspects of the host-parasite relationship make 
this disease a useful tool for ecological investigations. 
Concepts of the ecological nature of root disease fungi 
have been assembled and summarized by Garrett (1956). In gen­
eral, the fungi causing root diseases fall into two cate­
gories, soil inhabiting fungi and root inhabiting fungi. The 
soil inhabitants are active soil saprophytes which live more 
or less independently of the host plant. Root inhabiting 
fungi, on the other hand, possess limited ability to live in 
the soil and generally are restricted to the plant tissues 
which they parasitize initially. 
Practical application of knowledge concerning the 
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ecology of a root disease fungus is dependent upon other as­
pects of etiology. Thus a pathogen that is a poor soil in­
habitant may be dependent upon seed transmission as a means 
of epiphytotic initiation. Or, such an organism may induce a 
small number of primary infections and subsequently reach 
epiphytotic proportions by rapid spread from these primary in­
fections. Effective control depends upon the relative roles 
of such factors in disease development. 
The objectives of this investigation were to determine 
if H. victoriae is similar to its relative, H. sativum Pam., 
King, and Bakke, in its sensitivity to activities of the soil 
microflora, and to determine the relative importance of soil-
borne and seed-borne inocula in the epiphytotic development 
of Victoria blight. As a by-product of the early work on this 
problem, the scope of research was expanded to include a study 
of the influence of secondary spread on epiphytotic develop­
ment of the disease. 
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LITERATURE^ REVIEW 
Helminthosporium victoriae lieehan and Murphy, the fungus 
causing Victoria blight of oats, was first isolated from tim­
othy and bahia grass seed in 194-2 in the Iowa State University 
Seed Testing Laboratory. The organism became more and more 
prevalent on timothy until 1945 when samples were found to be 
infested uniformly with this organism. 
In 19^ 4 an H. victoriae-infected seedling of the oat 
variety Tama was found in a sand germination test. In 1945, 
H. victoriae was isolated in several states, but losses from 
the disease were small. By 1946 the disease had been re­
ported from 19 states and damage was severe in Victoria-re­
lated varieties. Over 90 per cent of the oats in Iowa in 
1946 were of Victoria derivatives, and there were some 35 
million acres throughout the nation. The disease reached 
its peak in 1946 and was severe in 1947, which was the last 
year Victoria lines were widely grown in Iowa and other 
northern states. 
By 1948 the change from susceptible Victoria lines to 
new, resistant Bond varieties was virtually complete, a 
striking tribute to the destructive nature of the pathogen. 
The oat-variety picture (lieehan 1950, p. 7) as influenced so 
drastically by two diseases, crown rust and Victoria blight, 
has become a classic example of the consequences of growing 
crop plants of a uniform genotype over a large geographic area. 
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The disease has continued to be destructive in North 
America wherever susceptible varieties are grown. It has been 
reported from 21 states, the Canadian provinces, Australia, 
and Brazil (Anon. 1953 ; Tveit 1956). 
No attempt to describe the life history of this organism 
has been found in the literature. Some of the pertinent 
phases have been investigated, however, and these will be dis­
cussed in the sequence suggested by Whetzel (1925). 
Plant inoculation, the process by which infective mate­
rial is brought into contact with the plant (Stakman and 
Harrar 1957), can be discussed in two categories depending on 
the type of infection. Primary inoculum initiates primary in­
fections, and secondary inoculum, secondary infections. 
In the life history of H. victoriae, primary infections 
may be initiated by inoculum from either of two sources : in­
fested seed or infested soil. In the former case, maturing 
seed may become infested with mycelium or wind-blown spores 
from diseased plants (Murphy 1946; Meehan 1950). Soils may 
become infested by saprophytic growth from infested plants, or 
from air-borne spores that- -settle to the ground (Murphy 1946). 
Soil-borne inoculum has become of major significance since the 
discovery that seedling blight is effectively controlled by 
seed treatment (Whitehead and Dickson 1948; Amy and Leben 
1954 and 1956). 
Little is known about the activity of H. victoriae in the 
soil. Helminthosporium sativum Pam., King and Bakke, a close 
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relative of H. victoriae (Brôwn and. Miller 195^ ; Luttrell 
1955; Meehan 1950; Bosen 195^ ; Rosen et al. 1953; Wilson 
1955), has been the subject of considerable study in this 
regard, however. 
Henry (1931) found he could not recover H. sativum from 
autoclaved soil twenty-four days after H. sativum and a small 
amount of non-autoclaved soil were added simultaneously to 
autoclaved soil. Ludwig and Henry (19^3) found recontami-
nated autoclaved soil possessed a much higher population of 
bacteria and fungi than did non-autoclaved soil, and disease 
caused by Ophiobolus graminis was less severe in the recon-
taminated soil. Simmonds et al. (1950) found spores of H. 
sativum would not germinate on filter paper in contact with 
soil particles but would germinate when removed to clean fil­
ter paper. Chinn (1953) showed conidia of H. sativum germi­
nated on soil amended with two per cent soybean straw. The 
germ tubes failed to become established in the substrate, 
however, and the sporelings died. Butler (1953a) showed H. 
sativum possessed a low order of sparophytic ability on the 
basis of its relative inability to colonize wheat straws in 
competition with soil microflora. Chinn and Ledingham (1957), 
using the slide technique developed by Chinn (1953) found 
spores of H. sativum did not germinate in non-autoclaved soil 
unless stimulated by plant and animal materials. These mate­
rials included green wheat seedlings and wheat seedling ex­
tracts, green alfalfa, and green sweet clover. Especially 
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conspicuous was the fact neither wheat roots nor chopped wheat 
straw had any effect on germination. These workers state stim­
ulation of germination by the above substances may be attri­
buted to neutralization of the soil fungi-static factor hy­
pothesized by Dobbs and Kinson (1953)• 
Spores on the surface of the soil are in an environment 
partially disinfested by sunlight. Even though H. sativum 
spores may be partially affected by this light, they are in a 
much more favorable location for germination and mycelial es­
tablishment than are spores in close association with soil 
microorganisms deeper in the soil. Thus, surface conidia ap­
pear important as primary inoculum and treatments of the soil 
surface may be effective in controlling the disease. (Sim-
monds et al. 1950). 
In summarizing the position of H. sativum as a soil or­
ganism, Garrett (1956, p. 145) characterizes the organism as 
a weak parasite 
"limited to infection of seedling tissues, tissues 
of plants damaged by frost injury (P. C. Butler 1948) 
or other agents, and senescent tissues". 
Comparable work has not been reported for H. victoriae. 
The similarity between this organism and H. sativum (Op. cit., 
p. 5) suggests it may have saprophytic ability similar to 
that of H. sativum. 
Recommended seed treatments generally do not give more 
than 90-98 per cent control of the seed-borne inoculum of 
either pathogen (Amy and Leben 1956). Appreciable spread 
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from a limited number of primary infections could result in 
the development of epiphytotic conditions. Secondary infec­
tions , those which are initiated by inoculum produced in pri­
mary infection loci, have not been extensively investigated 
in the limited researches with H. victoriae although Atkins 
(1951), Meehan (1950), and Paddock (1953) have reported the 
occurrence of foliage lesions. Spread of H. victoriae along 
roots or through soil has not received consideration. 
Whitehead and Dickson (1948) found a high temperature 
(28° C.) was markedly more favorable for the development of 
Victoria blight from infested seed than a low temperature 
(16° C.). This was especially true when seed were treated 
with Semesan Jr. This temperature response was detected in 
soil but was not so evident in rag doll germination tests. 
The discrepancy between soil and rag doll disease ratings was 
not explained. Hassan (1956) also noted high soil tempera­
tures (above 31° C.) resulted in higher rates of seedling 
fatality due to infection by H. victoriae. Moisture relation­
ships have received little emphasis in studies of Victoria 
blight although some workers (Kentucky Agricultural Experi­
ment Station, 1948) consider higher moisture levels most 
favorable for disease development. 
McKinney (1923), working with H. sativum on wheat, found 
temperatures of 28-32° C. favored disease development in auto­
claved soils. At high temperatures, the higher moistures (62 
per cent of water holding capacity) resulted in much more dis­
ease than did the lower. Field data with winter wheat 
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indicated severe disease developed under conditions of high 
fall temperatures and rainfall. If either of these condi­
tions was limiting, disease was not severe. 
Control of Victoria blight on susceptible varieties has 
not been satisfactory under field conditions. Murphy (1946) 
reported that seed treatment with Mew Improved Ceresan in­
creased yields of naturally-infested Overland oats by 19 bu./ 
acre in 1946. This yield, however, was 40 bu./acre lower 
than that of the resistant variety Clinton. Arny and Leben 
(1954) have obtained good control of seedling blight with the 
volatile seed treatment chemicals Panogen and Ceresan K. 
Panogen was a more rapid disinfesting agent than Ceresan M. 
Whitehead and Dickson (1948) also obtained good control of 
seedling blight from infested seed by the use of Semesan Jr. 
when plants were held at low soil temperatures. At high tem­
peratures, however, control was not satisfactory. 
The water-soak seed treatment, revived by Ivanoff 
(1947), has been used successfully to control seedling blight 
caused by H. victoriae and H. sativum (Arny and Leben 1956; 
Ivanoff 1958). The latter worker obtained best control of H. 
sativum with standing tap or salt water, less control with 
mercuric chloride and clorox, and very little control with 
running tap water. 
Chaetomium globosum Kze. and Ç. cochliodes Palliser in­
hibit growth of H. victoriae in culture (Tveit and Moore 
1954). Furthermore, the addition of these fungi to 
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autoclaved soil infested with H. victoriae resulted in ex­
cellent control of Victoria blight. Examination of several 
successive crops of seedlings revealed the protective effect 
was maintained in these soils for at least 107 days. Dusting 
a powdered preparation of the Chaetomium species on infested 
seed also resulted in control of the disease in non-sterile 
soil. These workers credit the low severity of Victoria 
blight in Brazil to the activity of these organisms. Sim­
ilar success in the control of H. sativum-induced diseases 
with soil antagonists have been reported by C-reaney and Mach-
acek (1935) and by Sanford and Cormack (1940). 
The only adequate means to date of controlling Victoria 
blight in the field is by use of resistant varieties. Sus­
ceptibility to the disease is inherited as a single gene, 
but this gene is either very closely linked to the gene con­
ferring the hypersensitive Victoria type of resistance to 
certain races of crown rust, or the two reactions represent 
a pleiotropic effect of a single gene (Litzenburger 1949; 
Pinkner 1953)• More recently, it has been reported that the 
genes are linked, and that the mode of inheritance is more 
complex than a single gene (Johnston, et aJL. 1957). 
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MATERIALS AND METHODS 
Experimental methods covered in this study are quite 
diverse; hence, those used in each experiment are presented 
with the description of the experiment. 
Oat Varieties 
Oat varieties used were Park (C.I. 6611), a Victoria 
derivative, and Clintland (C.I. 6701), a Bond derivative. 
Prevalence of Helminthosporium victoriae in Iowa Soils 
Experiments to determine the prevalence of H. victoriae 
in Iowa soils were conducted at several outlying experimental 
farms. A standard seeding rate of one gram (about 30 seeds) 
per foot of row, in rows 12 inches apart, was used although 
row lengths varied according to location. Plantings (of 
Park variety) were generally made as parts of the borders sur 
rounding plots of other experimental material. 
Seeds were disinfested by soaking in a 10 per cent solu­
tion of Clorox (commercial sodium hypochlorite containing 
5-25 per cent active ingredients) for a period of two hours, 
then dried thoroughly in air. Subsequent tests revealed the 
pathogen was not entirely eliminated from the seeds by such 
treatment. 
The incidence of Victoria blight at heading was 
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determined by counting the number of tillers with symptoms. 
The total number of tillers in the plots in any area was es­
timated by averaging the number of tillers in three plots and 
multiplying by the number of plots planted in the area. Per­
centage data were then computed from these figures. 
Fungous Cultures 
Stock cultures of H. victoriae were maintained in tubes 
of sterilized soil as recommended by Bakerspigel (1953)• This 
was very satisfactory for maintaining cultures without loss of 
virulence or change of physical characteristics. 
A medium used in growing inoculum was prepared by mixing 
corn meal (1 part), washed quartz sand (1 part) and water (1.5 
parts). Equal quantities (approximately 125 grams) were 
placed in 250 ml. flasks and autoclaved for forty-five min­
utes at 120° C. When cool, each flask received two small 
blocks from 7-10 day old potato-dextrose-agar cultures of H. 
victoriae and was incubated at room temperature for three 
weeks prior to use. By this time the fungus had grown 
throughout the medium. 
In greenhouse studies, two teaspoonsful of the inoculum 
were used per three-inch pot. In field studies the contents 
of a single flask were used to infest the soil of a two-foot-
long row. In studies of secondary spread, a teaspoonful of 
inoculum was placed into a hole of about 1 cubic inch in 
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volume at the desired location in the experimental unit. 
In one greenhouse experiment (Experiment 2), autoclaved 
seed of Clintland oats were used as a growth medium for the 
pathogen. This medium was utilized in a manner similar to 
that described above. 
Formaldehyde Treatment of Soil 
In Experiment 5, soil in the field was disinfested with 
formaldehyde in the following manner: One liter of a two per 
cent solution (by volume) of commercial formaldehyde was used 
to treat a single two-foot row of soil in a band about 5 
inches wide. The solution was poured on slowly to prevent 
runoff. After treatment the plots were covered with small 
sheets of Saran Wrap1. Soil was heaped over the edges of the 
wrap and clods of soil were placed in the center to prevent 
wind damage to the cover. This cover was found to form a 
very effective fumigation and humidity chamber. Moisture con­
densed on the underside of the covers within ten minutes and 
persisted for the three-day period that the covers were in 
place. The soil was found to be quite wet when the covers 
were removed. In no case was a cover damaged or disturbed 
although moderate winds occurred. Inoculum was not placed 
into the treated soils until they had dried for two days. 
ipolyvinylidene chloride resins, manufactured by the 
Dow Chemical Company. 
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After soil treatment at the last date, covers were removed, 
and a four-day interval elapsed before the plots were in­
fested and planted. 
Infestation 
Seeds were infested by soaking for twenty-four hours in 
a non-sporulating seven-day-old potato-dextrose-broth culture 
of the pathogen, after which they were air dried and planted 
as soon as possible. 
Seed Treatments 
2  ^Seed treatment with chemical dusts of Agrox , Ceresan PH, 
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and New Improved Ceresan , was accomplished by applying as 
much chemical as would adhere to the surface of the air dry 
seeds. The liquid chemicals Panogen 15^  and Mer-Sol 48^  
were applied at the recommended rate of 3/k oz. per bu. by 
placing 0.255 ml. of the fungicide in 0.765 ml. of water and 
treating 165 gm. of seed with this mixture. 
In 1958, oat seeds were treated by soaking in tap water 
6.7 per cent phenyl mercury urea. 
7^.7 per cent N-(ethyl mercuri)-p-toluenesulfonanilide. 
5^ per cent ethylmercuryv phosphate. 
2^.2 per cent methylmercury dicyandiamide. 
64 per cent phenyl mercury acetate, 1 per cent ethyl-
mercury acetate. 
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for 56 hours with subsequent drying at room temperature. 
This proceedure has been successfully used by Arny and Leben 
(1956) in the control of seedling blight caused by seed-borne 
H. victoriae and other pathogens. In 1959, the soaking time 
was reduced to 20 hours on the basis of the work of Ivanoff 
(1958). 
The bacterial-soak treatment consisted of soaking the 
seeds for a period of 12 hours in a mixture of forty-eight 
hour nutrient-broth cultures of four unidentified bacteria, 
two of which were isolated from water-soaked seeds, and two 
from young oat roots growing in field soil. After soaking, 
the treated seeds were thoroughly air dried before being 
packeted. 
Disease Eatings 
In greenhouse experiments in which pots were utilized as 
experimental units, plants were removed and scored for root 
necrosis on the following basis: 
0. roots white and healthy 
1. roots slightly necrotic 
2. roots and crowns slightly necrotic 
3. roots and crowns severely necrotic 
4. roots and crowns severely necrotic, foliage 
symptoms apparent (Figures 1, 2, 3 and 4). 
5. plants dead. 
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In all other cases, disease indices were based on emer­
gence and the presence of above ground symptoms of disease. 
All seedling disease data represent actual counts of healthy 
and diseased seedlings. All mature plant disease data are 
percentages of tillers with leaf symptoms. The mature plant 
blight-rating scale of Experiment 6 was as follows : 
1. no disease apparent 
2. very light, less than 5 per cent 
3. light, 5-20 per cent 
4. light-moderate, 20-40 per cent 
5. moderate, 40-60 per cent 
6. moderate-severe, 60-80 per cent 
7. severe, 80-95 per cent 
8. very severe, 95-100 per cent. 
Experimental Designs 
For the most part the experiments were variations of 
completely randomized block designs, using three-inch clay 
pots, two-foot or four-foot rows, or greenhouse flats as ex­
perimental units. An exception to this was Experiment 11 in 
which hills were arranged in randomized blocks. In this ex­
periment , units were hills arranged in a rectangular manner 
in such a way that each hill was one foot away from each ad­
jacent hill. Such a design facilitates the use of a large 
number of treatments in a small area, a desirable 
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characteristic in this case "because the known area of in­
fested soil was small, the variability great. 
The data were analyzed in the manner appropriate to the 
design (Snedecor, 1956). The split-plot design of Experiment 
4 was analyzed in accordance with the system described in 
Cochran and Cox (1950). 
Figure 1. Victoria blight on young Park oat plants under 
field conditions 
18" 
Figure 2. Seedlings with symptoms of early infection by 
soil-borne Helminthosporium victoriae. The 
dwarfed, diseased plants are dark green in color. 
Tall seedlings appear normal 
20 
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RESULTS 
Primary infections are infections initiated by the 
pathogen after a period of seasonal inactivity. They can be 
initiated by inoculum from either of two sources, infested 
seed or infested soil. 
Secondary infections are those which are initiated by 
inoculum produced in primary infections or other secondary in­
fections. Because of the low frequency of foliage lesions in 
Victoria blight, secondary infections previously have not been 
considered to play an important role in the epiphytotic de­
velopment of this disease. 
Discovery of points of vulnerability in the life cycle 
of the causal agent forms the basis of control measures di­
rected against a disease. The following studies of Victoria 
blight were undertaken: (1) to provide a knowledge of the 
relative roles of soil-borne and seed-borne inoculum in 
causing primary infections, and of factors affecting these 
inoculum sources ; and (2) to obtain information on the occur­
rence of, and factors affecting, secondary infections. As 
secondary root and crown infections were not known to occur, 
and primary infections from seed-borne inoculum had been con­
trolled by seed treatment, the major portion of this work has 
been devoted to studies concerning the soil as a source of 
inoculum for primary infections. 
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Factors Affecting Initiation of Primary 
Infections "by Soil-Borne Inoculum 
Prevalence of H. victoriae in Iowa soils 
During the period when Victoria lines of oats were grown 
extensively in Iowa, H. victoriae became widely distributed. 
Varieties susceptible to this fungus, however, have not been 
grown commercially in Iowa since 1948. It seemed desirable to 
ascertain the extent to which the pathogen was still present 
in Iowa soils. To accomplish this, seeds of the oat variety 
Park were surface disinfested by soaking in 10 per cent Clorox 
for two hours, and planted at experimental farms in eight sec­
tions of Iowa in 1957. The plots were assayed for incidence 
of Victoria blight by determining the percentage of tillers 
showing the bronze-leaf symptom typical of the disease (Figs. 
3 and 4) (Meehan and Murphy, 1946), and by attempting to iso­
late the fungus from plants classified as diseased or healthy. 
The fungus was isolated from 79 per cent of the plants 
rated as diseased, and from 8 per cent of those rated as 
healthy (Table 1). 
The bronze leaf symptom is an accurate, but not infal­
lible means of detecting the presence of E. victoriae. Sim­
ilar symptoms can be caused by other agents, however, as 
noted by Meehan and Murphy (1946). Symptoms of yellow dwarf, 
a disease of oats caused by the barley yellow dwarf virus, 
are similar to those of Victoria blight in some advanced 
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Table 1. Association of the bronze-leaf symptom in Park oats 
and infection by Helminthosporium victoriae in 1957 
Percentage of 
Plant Number plants yielding 
appearance sampled H. victoriae 
Healthy 26 8 
Diseased 39 79 
cases but the experienced observer can differentiate between 
the two diseases. 
Incidence of Victoria blight varied among the outlying 
farms in Iowa in 1957 without being severe at any of them 
(Table 2). The highest percentage of Victoria blight occurred 
in eastern Iowa with 2.5 per cent at Iowa City. The drier, 
western part of the state tended to have much less Victoria 
blight with only 0.1 and 0.2 per cent at Castana and Suther­
land, respectively. Mean for the 9 locations was 0.6 per 
cent. 
A more limited survey was conducted in 1958. At Ames, 
Sutherland and Kanawha, an average of 2.6 per cent of the 
tillers exhibited symptoms. 
These surveys indicate the pathogen was not present in 
high populations in Iowa soils at the locations tested, and 
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Table 2. Incidence of Victoria blight on Park oats grown 
from Glorox-disinfested seeds at nine locations, in 
Iowa in 1957 
Tillers Tillers with 
examined symptoms 
Location approx. percentage 
Gastana 1,000 0.10 
Corydon 2,500 0.15 
Sutherland 3,000 0.20 
Kanawha 3,000 0.20 
Independence 3,000 0.36 
Cresco 3,000 0.70 
Clarinda 1,000 0.90 
Amesa 2,500 1.07 
Iowa City 1,000 2.50 
Total 20,000 
aSeeds planted at Ames were not Clorox disinfested. 
demonstrate the pathogen was unable to maintain itself at 
high levels on non-oat hosts during the ten-year absence of 
susceptible oat varieties. 
Microfloral antagonism 
Primary infections by H. victoriae may arise from either 
infested seed or infested soil. Primary infections arising 
from soil-borne inoculum have received much less attention 
than those from infested seeds, due to the difficulties in­
herent in studying soil-bome diseases and to the economic 
Figure 3. Bronze-leaf and crown necrosis symptoms of 
Victoria blight on Park oats 
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Figure 4. Range of foliage and crown necrosis symptoms of 
Victoria blight on Park oats 
28 -
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problems involved in applying fungicides to the soil. The 
importance of infested seeds as a source of primary inoculum 
is widely recognized and much consideration has been given 
to the development of measures to control seed-borne inocu­
lum. This section contains the results of several experi­
ments designed to obtain information which would broaden 
present knowledge concerning the second source of primary 
inoculum, infested soil. 
H. sativum has been found to decrease rapidly in inocu­
lum potential* when subjected to the activities of the micro­
flora of unsterilized soil and has shown little ability to 
colonize non-living tissues under such conditions (Henry 
1931 ; Butler 1953a.; Chinn 1953) • In view of the close tax-
onomic relationship of H. sativum and H. victoriae, it seemed 
desirable to determine if the above findings would hold true 
for H. victoriae. Experiments 1-6 were conducted, therefore, 
to determine the effects over a period of time of microbial 
activity in unsterilized soil on the inoculum potential of H. 
victoriae. 
Experiment 1 Three-inch clay pots of autoclaved and 
non-autoclaved greenhouse soil were infested with two tea-
spoonsful of a three-week-old corn-meal-sand culture of H. 
*Garrett (1956, p. 196) defines inoculum potential as 
"the energy of growth of a parasite available for infection 
of a host at the surface of the host organ to be infested". 
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victoriae. Ten seeds were planted per pot. One-fourth of the 
pots were planted immediately after infestation. The remain­
ing pots were placed on the greenhouse bench, watered nor­
mally, and planted two, four, or six weeks after infestation. 
Checks included autoclaved and non-autoclaved soils infested 
with three-week-old cultures of the pathogen at each planting 
date. Other checks consisted of uninfested, non-autoclaved 
soil. The experiment was conducted in a randomized complete 
block design and replicated six times. Emergence and root 
necrosis ratings were recorded two and four weeks after 
planting, respectively. 
Boot necrosis data (Table 3) show the inoculum potential 
decreased rapidly in non-autoclaved soil. After soil and 
inoculum had been associated for two weeks, the inoculum po­
tential (as measured by root necrosis) had decreased by al­
most half that of the same inoculum when infestation was fol­
lowed immediately by planting. A further decrease in in­
oculum potential was evident four weeks after soil infesta­
tion (March 14). By this planting date, the inoculum poten­
tial of the February 14 infestation was only 37 per cent of 
the original level. Inoculum potential six weeks after in­
festation was not changed significantly from the four-week 
level. A similar picture is indicated by presentation of 
the above data in percentages of the freshly infested checks 
(Table 3). Such checks, included to obtain information about 
the relative conditions for disease development at each 
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Table 3« Boot necrosis ratings3- of Park oats in Helmintho-
sporium victoriae-infested, non-autoclaved soil as 
affected by the time between soil infestation and 
planting. Experiment 1 
Date 
soil Date planted 
infested Feb. 14 Feb. 28 March 14 March 28 
Feb. 14 2.4 1.3 0.9 0.5 
Feb. 28 2.8 
March 14 3.0 
March 28 2.0 
Percentage 
of freshly 
infested 
check 100 46 30 25 
3. Average of six replications rated according to the scale 
on page 14. 
planting date, provide a standard basis on which the root 
necrosis ratings between plantings can be compared. 
The data show the inoculum potential of H. victoriae is 
markedly reduced when the pathogen is associated with non-
autoclaved soil for a period of two to six weeks. Antago­
nistic activities of the soil microflora have been considered 
responsible for similar decreases in the inoculum potential . 
of H. sativum. If microfloral activities were responsible 
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for the decrease in inoculum potential observed in the present 
study, no decrease should occur in soils in which the antago­
nistic microflora had been eliminated by autoclaving. To 
test this, seeds were planted in autoclaved, H. victoriae-in­
fested soil in a manner similar to that discussed above for 
non-autoclaved soils. 
In autoclaved soil planted two weeks after infestation 
the inoculum potential was 95 per cent of the check infested 
on February 28 (Table 4), even though it had decreased to 
Table 4. Hoot necrosis ratings3, of Park oats in Helmintho-
sporium victoriae-infested, autoclaved soil as 
affected by the time between soil infestation and 
planting. Experiment 1 
Date 
soil Date planted 
infested Feb. 14 Feb. 28 March 14 March 28 
Feb. 14 3.9 2.9 1.5 0.6 
Feb. 28 3.0 
March 14 3.8 
March 28 2.9 
Percentage 
of freshly 
infested 
check 100 95 39 21 
A^verage of six replications rated according to the scale . 
on page 14. 
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about two-thirds of the level of February 14. These data 
suggest conditions were less favorable for disease develop­
ment at the February 28 planting date. In autoclaved soil 
planted four weeks after infestation the inoculum potential 
was 39 per cent of the check infested on March 14, having de­
creased to almost one third of the original level (3.9). In­
oculum potential was further decreased by six weeks after in­
festation (March 28), when it was only 21 per cent of the 
check. 
The rapid decrease in inoculum potential in non-auto­
claved soils relative to autoclaved soil is shown graphically 
in Figure 5. The similarity between the slope of the non-
autoclaved-soil curve from zero to two weeks and that of the 
autoclaved-soil curve from two to four weeks is striking. The 
two-week delay observed in autoclaved soil is further indi­
cated by the slopes of subsequent portions of the two curves. 
The decrease in inoculum potential in non-autoclaved soil by 
two weeks after infestation thus did not occur in autoclaved 
soil under similar conditions. The decreases in both are 
attributed to antagonistic activities of the soil microflora 
toward H. victoriae. 
When emergence was used as a criterion of inoculum po­
tential, a more subtle, but similar picture to that indi­
cated by root necrosis ratings was obtained. In non-auto­
claved soil, emergence, as a measure of decreased inoculum 
potential, increased slightly after two weeks (Table 5). 
Figure 5. Inoculum potential of Helminthosporium victoriae as affected, 
by the time between soil infestation and planting. Root 
necrosis rating in percentage of the freshly infested 
checks. Data from Tables 3 and 4, Experiment 1 
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Table 5. Emergence3" of Park oats in non-autoclaved soil in­
fested with Helminthosporium victoriae as affected 
by the time between infestation and planting. Ex­
periment 1 
Date 
soil Date planted -
infested Feb. 14 Feb. 28 
*-> 
March 14 March 28 
Feb. 14 7.0 7.3 11.3 11.2 
Feb. 28 3-8 
March 14 3.7 
March 28 3.2 
Increase in emer­
gence in per­
centage of the 
freshly in­
fested checks 0 92 205 250 
Plants per pot, average of six replications, ten seeds 
planted per pot. Emergence readings greater than ten were 
the result of planting seed with two caryopses enclosed in 
glumes in such a manner they appeared as a single seed. 
It increased sharply by four weeks, after which no further in­
crease was detected. When compared with the freshly infested 
checks, however, a sharp increase in emergence (decrease in 
inoculum potential) was detected after two weeks (Feb. 28). 
A further increase occurred four weeks after infestation 
(March 14). 
. In soil which had been autoclaved to destroy its 
37 
Table 6. Emergence3, of Park oats in autoclaved soil infested 
with Helminthosporium victoriae as affected by the 
time between infestation and planting. Experiment 1 
Date 
soil Date planted 
infested Feb. 14 Feb. 28 March 14 March 28 
Feb. 14 8 .6  11.2 12.2 11.8 
Feb. 28 11.7 
March 14 5.5 
March 28 6 .8  
Increase in 
emergence in 
percentage 
of the 
freshly in­
74 fested checks 0 -4 122 . 
aPlants per pot, average of six replications, ten seeds 
planted per pot. Emergence readings greater than ten were 
the result of planting seed with two caryopses enclosed in 
glumes in such a manner they appeared as a single seed. 
microflora, emergence increased one-third (to 11.2) two weeks 
after soil infestation (Table 6). This increase was apparent 
rather than actual, however, as shown by the increase in 
emergence in percentage of the freshly infested check for the 
Feb. 28 planting date (-4). Increases detected by four and 
six weeks after infestation were actual increases and corrob­
orate the root necrosis data from this experiment. 
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Table ?. Boot necrosis ratings3, of Park oats in soils in­
fested with Helminthosporium victoriae as affected 
by the time between soil infestation and planting. 
Experiment 1 summary 
Soil 
treat­
ment 
Treat­
ment 
number 
Date 
soil Date of planting 
infested Feb. 14 Feb. 28 Mar. 14 Mar. 28 
Non- 1 Feb. 14 2.6 1.3 0.9 0.5 
auto­
claved 2 Each plant­
ing date 2.1 2.8 3.0 2.0 
3 Not in­
fested 0 0.1 0.3 0 
Auto­ 4 Feb. 14 3.6 2.9 1.5 0.6 
claved 
5 Each plant­
ing date 4.2 3.0 3.8 2.9 
aAverage of six replications based on the root necrosis 
scale on page 14. 
The effect of time on inoculum potential as indicated by 
emergence in autoclaved and non-autoclaved soils is similar 
to that shown in Figure 5 when the emergence data are plotted 
as reciprocals of emergence. This indicates good agreement 
between root necrosis and pre-emergence damping off data. 
Analysis of variance of the root necrosis data (Tables 
7 and 8) shows highly significant differences exist in root 
necrosis ratings between two-week and freshly infested non-
autoclaved soil, but not autoclaved soil. Two weeks later, 
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Table 8. Analysis of variance of the root necrosis ratings 
in Table 7 
Degrees of 
Source of variation freedom Mean square 
Replications 5 
Treatments 19 
Feb. 28: 1 vs 2 
4 vs 5 
(1) 
(1) 
7.37** 
0.02 
March 14 : 4 vs 5 (1) 16.10** 
Treat 1: Feb. 14 vs 
Feb. 28 (1) 5.47** 
Treat 4: Feb. 14 vs 
Feb. 28 (1) 1.47 
Feb. 14 vs 
March 14 (1) 14.30** 
Error 95 0.396 
S^ignificant at the 1 per cent level. 
however, the differences between root necrosis ratings of 
four-week and freshly infested soil were highly significant 
in both non-autoclaved and autoclaved soils. These compari­
sons verify the direct readings of treatment 1 (non-autoclaved 
soil) which decreased significantly by Feb. 28 (two weeks) and 
treatment 4 (autoclaved soil) in which no significant decrease 
occurred until March 14 (four weeks). 
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Table 9. Emergencea of Park oats in soil infested with 
Helminthosporium victoriae as affected by the time 
between soil infestation and planting. Experiment 
1 summary 
Soil Treat­ Date 
treat­ ment soil Date of planting 
ment number infested Feb. l4 Feb. 28 Mar. 14 Mar. 28 
Non- 1 Feb. 14 ? • 3 7.3 11.3 11.2 
auto­
claved 2 Each plant­
ing date 6 .7 3.8 3.7 3.2 
3 Not in­
fested 10 .6 9.5 10.8 11.5 
Auto- . 
claved 4 Feb. 14 9 .5 11.2 12.2 11.8 
5 Each plant­
ing date 7 .8 11.7 5.5 6.8 
Plants per pot, average of six replications, ten seeds 
planted per pot. Emergence readings greater than ten were the 
result of planting seed with two caryopses enclosed in glumes 
in such a manner they appeared as a single seed. 
Analysis of variance of the emergence data (Tables 9 and 
10) shows similar results of comparisons between "time" treat­
ments and the freshly infested checks. Emergence in the in­
dividual treatments (treatments 1 and 4), however, did not 
change significantly until March 14, in both autoclaved and 
non-autoclaved soil. 
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Table 10. Analysis of variance of the emergence data sum­
marized in Table 9 
Source of variation 
Degrees of 
freedom Mean square 
Replications 6 
Treatments 19 53.44** 
Feb. 28: 1 vs 2 
4 vs 5 
(1) 
(1) 
36.7 ** 
0.8 
March 14: 4 vs 5 (1) 133.4 ** 
Treat 1: Feb. 14 vs 
March 14 (1) 48.00** 
Treat 4: Feb. 14 vs 
Feb. 28 (1) 8.34 
Feb. 14 vs 
March 14 (1) 21.34* 
Error 95 3.09 
S^ignificant at the 1 per cent level. 
S^ignificant at the 5 per cent level. 
Experiment 2 Experiment 2 was designed to repeat the 
essentials of Experiment 1 with some modifications. Garrett 
(1956) mentions infesting soil with inoculum grown on steri­
lized seed adds unconsumed organic matter to the soil. This 
would favor high populations of antagonistic microorganisms. 
For this reason, H. victoriae was grown in flasks of 
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autoclaved oat seed (variety Clintland) for three weeks, and 
placed in 3-inch pots of autoclaved and non-autoclaved field 
soil on May 21 (excepting checks). Pots were planted with 
Glorox-disinfested Park oats immediately, two weeks, or four 
weeks after infestation of the soil. Check treatments con­
sisted of plantings in freshly infested and uninfested field 
soil on each date. Emergence data and root necrosis ratings 
were recorded two and three weeks after planting, respectively. 
The experiment was conducted outside of the greenhouse in a 
randomized block, split plot design. 
Boot necrosis data from this experiment (Table 11, Fig­
ures 6 and 7) show the inoculum potential in non-autoclaved 
soil decreased in a linear fashion as the time after soil in­
festation increased. A significant decrease had occurred by 
June 4, two weeks after infestation. 
Autoclaved soil was again used to determine if the de­
creases noted in non-autoclaved soil were due to the activi­
ties of the microflora. The data show a slight decrease oc­
curred in autoclaved soil two weeks after infestation (Table 
11). This decrease, however, is not significant at the 5 per 
cent level. The decrease after four weeks was highly signif­
icant (Table 12). Freshly infested, autoclaved-soil checks 
were omitted from this experiment, unfortunately, making it 
impossible to compare autoclaved soil with the freshly in­
fested checks. The data show a decrease in inoculum poten­
tial occurred in non-autoclaved soil two weeks after 
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Table 11. Boot necrosis ratings3, on Park oats as affected 
by the time between soil infestation with Hel-
minthosporium victoriae and planting. Experiment 
2 
Soil Treat- Date 
treatment ment soil Date of planting 
number . infested May 21 June 4 June 18 
Non- 1 
auto­
claved 2 
Kay 21 
June 4 
3.9 2.8 
4.6 
1.7 
3 June 18 3.6 
4 Not in­
fested 0.4 0.3 0.2 
Auto­
claved 5 May 21 5.0 4.5 3.2 
Percentage of 
the freshly in­
fested check 
(Non-auto­
claved group) 100 61 47 
aAverage of six replications based on the root necrosis 
scale on page 14. 
infestation, whereas no significant decrease occurred in 
autoclaved soil. Emergence data from this experiment were so 
variable due to rapid drying conditions and difficulties en­
countered in supplying adequate moisture during periods of 
germination, that no dependable conclusions can be drawn. 
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Table 12. Analysis of variance of the root necrosis data in 
Table 11 
Source of variation 
Degrees of 
freedom Mean square 
Replications 5 
Plantings 2 8.03** 
Error (p) 10 0.30 
Treatments 3 60.54** 
May 21 vs June 4: 
Treatment 1 
Treatment 5 
(1) 
(1) 
3.74** 
0.52 
May 21 vs June 18: 
Treatment 1 
Treatment 2 
(1) 
(1) 
14.74** 
8.84** 
June 4: 
Treatment 1 vs 
Treatment 2 (1) 20.88** 
June 18: 
Treatment 1 vs 
Treatment 3 (1) 10.83** 
Interaction (TXP) 6 1.21* 
Error(t) 45 0.44 
S^ignificant at the 1 per cent level. 
S^ignificant at the 5 per cent level. 
Figure 6. Inoculum potential of Helminthosporiurn victoriae 
as affected by the time between soil infestation 
and planting. Data from Table 11, Experiment 2 
46 
,r 
ii 
J - -
^"-G^ ^Autoclaved Soil 
N \  
\ 
x 
Akn~Autoclaved Soil > 
t 
Dorfe o-f PfctnHry fWeeks affmr Soil Inf*sMio* ) 
Figure 7. Inoculum potential of Helminthosporium victoriae 
in non-autoclaved soil as affected by the time be­
tween soil infestation and planting. Data from 
Table 11, Experiment 2 
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Experiment 3 A greenhouse experiment to test further 
the hypothesis that H. victoriae is affected adversely by soil 
microflora was conducted in 1959 (Experiment 3). The tech­
niques of experimentation were modified from those of the pre­
ceding experiments in that a more virulent isolate of H. 
victoriae was used, and soil was infested at different in­
tervals prior to a single planting date (May 14). Two weeks 
after planting, when the plants were"in the two-leaf stage, 
data on emergence and the number of plants with foliage symp­
toms were recorded (Figures 10 and 11). One week later, when 
the check plants had 3-4 leaves, foliage symptom data were re­
corded again and the plants were rated for root necrosis. 
Boot necrosis data from Experiment 3 (Table 13; Figure 
8), in marked contrast to the data previously obtained from 
greenhouse experiments, indicate there was virtually no ef­
fect of the soil microflora on inoculum potential. A de­
crease in root necrosis did occur in soils infested two weeks 
before planting. This decrease, however, occurred in both 
autoclaved and non-autoclaved soils ; consequently, it cannot 
be attributed to microbial antagonism. The methods by which 
the experiment was conducted required different inoculum for 
each period and it is likely that differences in the quality 
of inoculum gave rise to the inconclusive results. Analysis 
of variance of these data (Table 14) shows no significant 
differences between autoclaved and*non-autoclaved soil at 
any planting date although differences exist between planting 
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Table 13. Hoot necrosis ratings8- of Park oats as affected 
by the time between soil infestation with Hel-
minthos-porium victoriae and planting. Experi­
ment 3 
Date Date soil infested 
Treatment planted May 14 April 30 April 15 None 
(ck) 
1. Field 
soil May 14 4.95 4.3 4.9 1.2 
2. Auto­
claved 
field 
soil May 14 5.0 4.0 4.9 0.3 
A^verage of seven replications, based 
sis scale on page 14. 
on the root : necro-
Table 14. Analysis of 
Table 13 
variance of the root necrosis data in 
Source of 
variation 
Degrees of 
freedom Mean square 
Replications 6 
Treatments 7 46.21** 
April 30: 1 vs 2 (1) 0.31 
Treatment 1: 
May 14 vs Apr. 
Apr. 30 vs Apr. 
30 (1) 
15 (1) 
1.65** 
1.39** 
Treatment 2: 
May 14 vs Apr. 
Apr. 30 vs Apr. 
30 (1) 
15 (1) 
4.71 
3.11** 
Error 42 0.194 
S^ignificant at the 1 per cent level. 
Figure 8. Inoculum potential of Helminthosporium victoriae 
as affected by the time between soil infestation 
and planting. Data from Table 13, Experiment 3 
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Table 15. Emergence3- of Park oats as affected by the time 
between soil infestation with Helminthosporium 
victoriae and planting. Experiment 3 
Date Date soil infested 
Treatment planted May 14 April 30 April 15 None 
(ck) 
1. Field 
soil May 14 7.0 9.0 9.2 9.0 
Differ­
ence from 
check -2.0 0 . +0.2 
2. Auto­
claved 
field 
soil May 14 4.7 8.2 9.3 10.3 
Differ­
ence from 
check -5.6 -2.1 -1.0 
A^verage of seven replications, ten seeds planted per pot. 
dates. 
Emergence data (Table 15; Figure 9) from Experiment 3 
show pre-emergence damping off was more severe when soil 
was infested immediately before planting than when two weeks 
or more had elapsed between soil infestation and planting. 
Emergence was significantly less than the check in field 
soil planted immediately after infestation. No decrease 
in emergence occured in field soil when intervals of two 
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Table 16. Analysis of variance of the emergence data in 
Table 15 
Source of 
variation 
Degrees of 
freedom Mean square 
Replications 6 
Treatments 7 131-97 
Treatment 1: 
Hay 14 vs check (1) 14.00* 
Treatment 2: 
May 14 vs check 
Apr. 30 vs check 
Apr. 15 vs check 
(1) 
(1) 
(1) 
108.64** 
16.07* 
3.50 
Error 42 2.60 
S^ignificant at the 1 per cent level. 
"^Significant at the 5 per cent level. 
and four weeks had elapsed between soil infestation and 
planting. In autoclaved field soil, emergence was 5-6 seed­
lings below the check (significant at 1 per cent level) when 
pots were planted immediately after infestation. When 
planted two weeks after infestation, the difference had de­
creased to a significant 2.1 seedlings below the check. When 
four weeks had elapsed between soil infestation and planting, 
no significant difference occurred. 
Figure 9. Inoculum potential- of Helminthosporium victoriae 
as affected by the time between soil infestation 
and planting. Data from Table 15, Experiment 3 
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Figure 10. One replication of Experiment 3 showing relative 
degrees of seedling blight. From left to right: 
(1) Field soil, uninfested; (2) Field soil, and 
(3) Autoclaved soil infested four weeks before 
planting; (4) Field soil, and (5) Autoclaved 
soil infested two weeks before planting; (6) 
Field soil, and (7) Autoclaved soil infested 
immediately before planting; (8) Autoclaved 
soil, uninvested 
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Figure 11. Plants of Experiment 3 showing, from left to 
right : (1) Field soil, uninfested; (2) Field 
soil infested four weeks before planting; (3) 
Autoclaved soil infested four weeks before 
planting 
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Experiment 4 Experiments were designed to obtain 
field data on the effect of the soil microflora upon the in­
oculum potential of H. victoriae (Experiments 4 and 5)• Soil 
was infested April 9, 1958 with four-week-old corn-meal-sand 
cultures of the pathogen. Two-foot-row plots were planted 
with Clorox-disinfested seed of Park oats on April 9, 16, 23, 
and May 7. The four planting dates, representing time between 
infestation and planting, were the main plot treatments of the 
split-plot design; sub-plot treatments were Ceresan H-treated 
and Clorox-treated seed. The sub-plot data are presented in 
a more pertinent section (Table 23). The experiment was con­
ducted in randomized blocks and replicated five times. 
Emergence data, recorded at the 3-^  leaf stage (Table 
17, Figure 12), show several effects : 
a). Soil infestation resulted in decreased emergence in 
all cases as compared with the non-infested checks. 
b). Inoculum potential, (as measured by emergence) de­
creased as the time between soil infestation and 
planting increased. This supports the conclusion 
from greenhouse data that the pathogen possesses 
little ability to maintain itself in the presence 
of a competitive soil microflora. 
c). Decreased emergence at the last planting was due 
to the very dry conditions which prevailed. 
Seedling blight data from this experiment are so erratic 
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Table 17. Emergence of Park oats as affected by the time 
between soil infestation and planting date in 
field plots artificially infested with Hel-
minthosporium victoriae. Experiment 4 
Planting date 
Treatment April 9 April 16 April 23 May 7 
1. Infested 
soil 47.6 72.4 60.0 50.6 
2. Non-in­
fested 
soil (ck) 105.2 113.6 91.2 69.6 
Percentage 
decrease be­
low check 55 36 3^  27 
aNumber of plants per two-foot row, average of five 
replications. 
that no systematic behaviour of the pathogen is evident. No 
decrease in inoculum potential was noted until May 7, and 
this decrease is relative to the checks rather than a de­
crease in the percentage of seedlings blighted. This ex­
periment , thus, did not provide conclusive evidence that H. 
victoriae is adversely affected by association with the soil 
microflora. The summary and analysis of variance are in the 
Appendix (Tables 34-37). 
Experiment 5 Experiment 5 was conducted in the field 
in 1959 with objectives similar to those of Experiment 4, 
Figure 12. Inoculum potential of Helminthosporium victoriae 
as affected "by the time between soil infestation 
and planting. Data from Table 17, Experiment 4 
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Table 18. Seedling blight3- of Park oats as affected by the 
time between soil infestation and planting in 
field plots artificially infested April 9 with 
Kelminthosporium victoriae. Experiment 4 
Planting date 
Treatment April 9 April 16 April 23 May 7 
Infested 
soil 14.7 5.5 25.6 28 .4 
Non-infested 
soil (ck) 8.1 1.5 9.5 19 .8 
Percentage 
increase 
above check 82 267 170 43 
P^ercentage of seedlings with symptoms, average of five 
replications. 
i.e., to determine the effect of the microflora of field soil 
on the inoculum potential of H. victoriae. The basic differ­
ence between the two experiments was the replacement of plant­
ing dates by infestation dates, i.e., soil was infested at 
intervals of 4, 2, or 0 weeks before planting. Other treat­
ments consisted of the application of a 2 per cent formalde­
hyde solution four days prior to soil infestation, and the 
check of untreated soil. Five replications were used in a 
randomized complete block design. 
Emergence data (Table 19, Figure 13) show disease was 
more severe when plots were planted immediately after 
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Table 19. Emergence of Park oats as affected by the time 
between soil infestation with Helminthosporium 
victoriae and planting in untreated and formalde-
hyde-treated soil. Experiment 5 
Untreated soil 
Formaldehyde-
treated soil 
Percent­ Percent­
Time between age de­ age de­
infestation In­ Unin­ crease In­ Unin- crease 
and planting fested fested below fested f ested below 
(weeks) ck. check ck. check 
0 38 56 32 49 60 18 
2 58 56 -3 56 64 12 
4 62 59 -5 63 67 6 
aNumber of plants per two foot row, average of five 
replications. 
infestation of untreated soil. No disease was indicated when 
untreated soil and inoculum were associated for a period of 
two weeks or more before planting. 
In formaldehyde-treated soil, a significant difference 
in disease occurred when plots were planted immediately after 
soil infestation. When planted two weeks after infestation, 
the difference between emergence in infested and uninfested 
soil was not significant at the five per cent level. The 
trend toward a gradual decrease of inoculum potential in 
formaldehyde-treated soil should be compared with the sig­
nificantly rapid decrease in untreated soil. 
Figure 13. Inoculum potential of Helminthosporium victoriae 
as affected by the time between soil infestation 
and planting in untreated and formaldehyde-
treated soils in the field. Emergence data from 
Table 19, Experiment 5 
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Table 20. Analysis of variance of emergence data in Table 19 
Source of 
variation 
Degrees of 
freedom Mean square 
Blocks 4 
Treatments 11 258.98** 
C^ . Untreated: 
0:1 vs. U (1) 810.00** 
C-. Untreated: 
2:1 vs. U (1) 14.40 
Cq. C, vs. Cp: 
4:1 vs. U (1) 304.20* 
Ch. Treated: 
0:1 vs. U (1) 302.50* 
G:-. Treated: 
*2:1 vs. U (1) 168.10 
C/. Treated: 
4:1 vs. U (1) 44.10 
Cy . vs. C5 (1) 9.80 
c8. C5 vs. c6 (1) 20.00 
C9* c4 vs- c6 (1) 57.80 
Error 44 59.56 
S^ignificant at the 1 per cent level. 
S^ignificant at the 5 per cent level. 
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Table 21. Seedling blight of Park oats as affected by the 
time between soil infestation with Helmintho­
sporium victoriae and planting in untreated and 
formaldehyde-treated soils. Experiment 5 
Time between 
soil infesta- Formaldehyde-
tion and plant- Untreated soil treated soil 
ing (weeks) Infested Uninfested Infested Uninfested 
0 71 3 59 0 
2 29 4 59 2 
4 29 3 32 3 
P^ercentages of seedlings blighted in the second leaf 
stage. 
Seedling blight data (Table 21, Figure 14) from untreated 
field soil, recorded at the two-leaf stage, agree closely with 
the emergence data with respect to the decrease in inoculum 
potential that occurred when plots were planted two weeks 
after infestation. Seedling blight data from formaldehyde-
treated soil indicated a different response of inoculum poten­
tial than was shown by the emergence data. Instead of de­
creasing gradually as the time between soil infestation and 
planting increased, seedling blight remained at its original 
level through the second planting, after which the blight 
percentage dropped to a level equal to that obtained in un­
treated soil. The delay of two weeks was probably the time 
Figure 14. Inoculum potential of Helminthosporium victoriae 
as affected by the time between soil infestation 
and planting in untreated and formaldehyde-
treated soil in the field. Data from Table 21, 
Experiment 5 
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Table 22. Analysis of variance of the seedling blight data 
in Table 21 
Source of 
variation Degrees of freedom Mean square 
Blocks 4 
Treatments 11 3^ 35-97** 
Untreated, infested: 
0 vs 2 1 4393.22** 
2 vs 4 1 103.04 
0 vs 4 1 5841.89** 
Formaldehyde treated, 
infested: 
2 vs 4 1 1803.65** 
Error 44 146.70 
Significant at the 1 per cent level. 
required for recolonization of the formaldehyde-treated area 
by antagonistic saprophytic microorganisms. 
Analysis of variance of the seedling blight data shows 
these differences to be highly significant (Table 22). 
Seed treatment 
To determine if primary infections from soil-borne in­
oculum could be minimized by the use of seed treatment chem­
icals , Ceresan H was applied as a sub-plot treatment of the 
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s. "b —. Table 23. Emergence and seedling blight of rark oats as 
affected by Ceresan H seed treatment in soils in­
fested with Helminthosporium victoriae and in un­
inf ested soils0. Experiment 5 
Infested soil Uninfested (ck) soil 
Ceresan No treat- Ceresan No treat-
Character M ment M ment 
Emergence 38.7 57-7 71.8 94.9 
Seedling 
blight 17.7 18.6 11.1 9-7 
aFlants per plot, average of 20 plots. 
P^ercentage of plants with symptoms, average of 20 plots. 
°For complete data from this experiment and the appro­
priate analysis of variance see tables in the Appendix. 
split-plot Experiment 4 previously discussed. Emergence data 
(Table 23) show Ceresan M seed treatment decreased emergence 
below that of untreated seed in both infested and uninfested 
soil. Seedling blight was not significantly altered by seed 
treatment in either infested or uninfested soil. Thus in Ex­
periment 4- Ceresan M treatment definitely had no protective 
effect against seedling disease-arising from soil-borne in­
oculum. 
Experiment 6 A more extensive experiment (Experi­
ment 6) was designed for the growing season of 1959 to compare 
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Table 24. Emergence3, seedling blight"b, and mature plant 
disease0 on Park oats as affected by seed treat­
ment in soil infested with Relminthosporium vic-
toriae. Experiment 6 
Seed 
treatment Replications Emergence 
Seedling 
blight 
percentage 
Mature plant 
blight 
None (ck) 24 31.1 8.4 4.5 
Agrox 8 28.5 8.3 4.9 
Panogen 15 8 27.3 5.8 4.0 
New Imp. 
Ceresan 8 28.5 7.3 4.1 
Mer-sol 8 30.5 7.3 4.0 
Water-soak 16 2 7.7 8.7 3.0 
Bacterial-
soak 16 30.8 8.2 4.4 
None, soil 
manured 8 30.8 7.3 4.0 
aNumber plants per hill. 
P^ercentage seedlings blighted. 
C1 indicates no disease, 8 indicates maximum disease, 
near 100^ . 
the effectiveness of several seed treatment materials in soil 
where an epiphytotic of Victoria blight had been induced in 
1958. Data from this experiment (Tables 24 and 25), show 
that none of the treatments increased emergence over that of 
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Table 25. Analysis of variance of the data in Table 24 
Date analyzed 
Source of 
variation 
Degrees of 
f reedom 
Mean 
square 
Emergence Blocks 7 
Treatments 11 25.73 
Water-soak vs. 
check (1) 113.44* 
Panogen 95 vs. 
check (1) 90.00* 
Microbial vs. 
chemical treatments(1) 13.23 
Error 77 18.82 
Seedling blight Replications 7 
Treatments 11 33-01 
Panogen 15 
vs. check (1) 42.14 
Water-soak 
vs. check (1) 0.52 
Bacterial-soak 
vs. check (1) 0.46 
Microbial vs. 
chemical treatments(1) 19.61 
Error 77 45.44 
Mature plant 
blight 
Replications 
Treatments 
7 
11 3.86 
Water-soak 
vs. check (1) 21.60* 
Error 77 4.53 
S^ignificant at the 5 per cent level. 
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the check. Both Panogen 15 ancl water-soak treatments re­
sulted in significantly less emergence than the check. None 
of the seed treatments had a significant effect on seedling 
"blight. A comparison of "microbial" treatments, i.e. water-
soak, bacterial-soak, and manure, vs. chemical treatments re­
veal no significant difference between the two groups, either 
in emergence or in seedling blight. The water-soak treatment 
did have a significant protective effect against disease of 
mature plants. This particular phase of the subject is fur­
ther considered in the section dealing with secondary infec­
tions. 
Factors Affecting Initiation of Primary 
Infection by Seed-Borne Inoculum 
Diseases of cereal crops caused by species of Helmintho-
sporium. in general, have been effectively controlled with 
seed treatments. Although infested seed are only one source 
of primary inoculum of H. victoriae, the knowledge that this 
pathogen is not essentially a soil inhabiting organism has 
emphasized the importance of primary inoculum carried on the 
seed. Studies reported herein were designed to determine 
the role of seed-borne inoculum in the epiphytology of Vic­
toria blight, and to test the effectiveness of seed treat­
ments in controlling this source of primary inoculum. 
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Table 26. Emergence, seedling blight, and mature plant blight 
of Park oats as affected by seed infestation with 
Helminthosporium victoriae and subsequent seed 
treatment. Experiment 7 
Seedling Mature plant 
Treatment Emergence3- blight" blight0 
percentage percentage 
1. No treatment 
(ck 1) 
76.4 13.5 18.8 
2. Clorox 78.5 1.8 27.5 
3- Ceresan M 37.4 2.7 25.6 
4. Water-soak 29-1 4.5 17.5 
5. No infestation, 
no treatment 
(ck 2) 109.4 1.7 13.8 
aAverage number of plants per plot. 
A^verage percentage seedlings blighted. 
°Average percentage tillers affected. 
Experiment 7 
In the spring of 1958, the effectiveness of Ceresan M, 
Clorox, and the water-soak seed treatment was investigated 
for control of Victoria blight from seed-borne primary in­
oculum (Experiment 7)- Experimental units were two-foot 
rows arranged in a randomized complete block design. Seeds 
infested with H. victoriae received the Clorox, Ceresan M, 
or water-soak seed treatment. Checks were infested and 
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uninfested seeds which received no additional treatments. 
Emergence was considerably depressed by both the Cere­
san M and the water-soak treatments (Tables 26 and 27). The 
Ceresan M results probably reflect the unfavorable moisture 
conditions of the early 1958 season coupled with phytotoxic 
effects from an overdose of the chemical. The water-soak 
treatment results may be due to the adverse effects of two 
soakings on seed viability, one soaking for infestation, one 
for the treatment. 
Seedling blight was effectively controlled by all of the 
seed treatments used; no significant differences were ob­
tained between treatments. None of the treatments reduced 
seedling blight below 1.7 per cent, the amount present in the 
uninfested, untreated check. The inoculum for the disease in 
this check treatment could have come from the untreated seed 
or from the soil, which had been in continuous oats. 
Mature plant blight was not significantly affected by 
any of the seed treatments, although plots receiving Clorox 
and Ceresan M treatments tended to have more disease than 
those receiving the water-soak treatment. 
Correlation coefficients were calculated between seed­
ling blight and mature-plant blight data of Experiment 7 
(Table 27b). The correlation coefficients of the individual 
treatment data (items 1, 2, 3, 4, and 5, Table 27b) do 
not differ significantly from zero nor from one another 
(latter computations not included). The obvious trend 
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Table 27a. Analysis of variance of the data in Table 26 
Data 
analyzed 
Source of 
variation 
Degrees of 
freedom 
Mean 
square 
Emergence Replications 7 
Treatments 4 
Infested: 
Treatment 1 
vs. 3 (1) 
Treatment 1 
vs. 4 (1) 
Treatment 1 
vs. 2 (1) 
Treatment 5 
vs. 1 + 2 + 
3 + 4 (1) 
Error 28 
8648.6** 
6084.00** 
8930.25** 
18.07 
18684.01** 
124.2 
Seedling 
blight Replications 7 
Treatments 4 
Infested: 
Treatment 1 
vs. 2, 3 à 4 (1) 
Treatments 2 + 
3 vs. 4 (1) 
Treatment 2  
vs. treat­
ment 3 (1) 
Error 28 
195.15** 
651.56** 
26.86 
3.15 
13.77 
Significant at the 1 per cent level. 
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Table 27a. (Continued) 
Data 
analyzed 
Source of 
variation 
Degrees of 
freedom 
Mean 
square 
Mature plant 
blight Replications 7 
Treatments 4 265.62 
Treatments 
+ 3 vs. 4 
2 
(1) 438.1 
Error 28 194.91 
Table 27b. Correlation coefficients between seedling blight 
and mature plant blight data from Table 26 
Data used in calculation r Degrees of freedom 
1. No seed treatment +0.5 6 
2. Clorox treatment -0.6 6 
3- Ceresan M treatment +0.8 6 
4. Water-soak treatment -0.1 6 
5. Uninfested, untreated +0.6 6 
6. All data +0.5** 38 
S^ignificant at the 1 per cent level. 
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toward a low correlation between seedling and mature-plant 
blight in plots treated by the water-soak method, however, 
led to speculation of how such a correlation could arise. 
Such a correlation could occur if seedling disease is high 
and mature-plant disease is low, or if seedling disease is 
low and mature-plant disease is high. The data of the experi­
ment fit the former situation and suggest (possibly by chance) 
that less spread of the pathogen occurred in plots which re­
ceived the water-soak seed treatment. 
Spread from primary infections, however, had not been 
considered a major factor in the development of Victoria 
blight epiphytotics. Once implicated, however, it became 
apparent that secondary spread could explain many of the dif­
ficulties encountered in attempts to control Victoria blight 
under field conditions. Thus, the third phase of this in­
vestigation was initiated. 
Secondary Infections 
Leaf blotch infections, which frequently arise from 
secondary inoculum are a common symptom of disease caused by 
H. sativum. Such local lesions are uncommon in disease caused 
by H. victoriae, although Paddock (1953) showed H. victoriae 
capable of developing in leaves of a susceptible variety fol­
lowing inoculation with conidia, and Atkins (1951) reported 
H. victoriae caused a leaf-spotting symptom on oats in 
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Louisiana. The infrequent occurrence of foliage lesions, 
however, and the uncertainty that crown necrosis results from 
inoculum formed on foliage lesions, have directed attention 
to soil and roots as media by which secondary spread proba­
bly occurs. 
Experiment 8 
The experiments previously discussed concerning micro-
floral antagonism toward H. victoriae have suggested this 
pathogen might not be able to spread through soil in the ab­
sence of living roots of susceptible varieties. To test this 
hypothesis, autoclaved and non-autoclaved field soils were 
adjusted to approximately 15 per cent moisture (by weight) 
and placed in petri plates. One cube (about 8 mm?) of a 
potato-dextrose-agar culture of H. victoriae was placed in 
the center of each plate. The plates were incubated in poly­
ethylene bags at 15° C., room temperature and 30° C. for 7 
days. Other treatments consisted of nutrient broth (Difco) 
and a nutrient-broth culture of three bacteria isolated from 
oat roots growing in soil. These solutions were used in 
place of water to adjust the moisture level of the soil. 
Clorox-disinfested Park oat seeds were used as "traps" 
to determine if the pathogen had grown through the soils. 
Six seeds were placed across the diameters of each plate and 
allowed to germinate. When the radicles were approximately 
3 cm. in length, seedlings along one radius were removed, 
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washed thoroughly in tap water and placed in plates of 
potato-dextrose agar. Seedlings along a second radius were 
removed, washed similarly and placed in sterilized tubes of 
moist sand (Figure 22). After 10 and 19 days, the presence 
of H. victoriae was determined by examining the seedlings 
under a sterioscopic microscope. 
The data (Table 28) show no consistent growth of the 
pathogen occurred in non-autoclaved soil, whereas the 
pathogen grew 2 cm. or more per week in autoclaved soil. 
The bacterial additive did not exhibit antagonistic effects 
but on the contrary appeared to stimulate growth of the path­
ogen, perhaps by the addition of nutritional substances con­
tained in the nutrient broth. Temperatures tested had no 
effect on growth of the pathogen in non-autoclaved soils. Mo 
difference was found between the effectiveness of sand tubes 
and potato-dextrose agar plates as isolation media. 
These data support those previously presented which 
suggest that H. victoriae does not possess a high degree of 
saprophytic ability in field soils. The study indicates 
spread from primary infection loci does not occur by growth 
of the pathogen through the soil. Spread of the pathogen 
to new locations through the soil must, therefore, be lim­
ited primarily to roots of susceptible varieties. 
Experiments 9, 10, and 11 were conducted under green­
house , quasi-field, and field conditions in 1959 to obtain 
direct information concerning the importance of secondary 
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Table 28. Growth8, of Helminthosporium victoriae in auto-
claved and non-autoclaved soil under different 
temperatures and containing different additives. 
Experiment 8 
Treatment 
Temp. 
°C. 
Petri plate 
assay 
Sand tube 
assay Mean 
1. Field soil 15 0 0.65* 0.33* 
2. Field soil Boom 0.33% 0.33* 0.33* 
3. Field soil 30 0 0.98* 0.49* 
4. Field soil + 
bacterial 
additive Boom 0.98* 0 0.49* 
5- Field soil + 
sterile nu­
trient solu­
tion Boom 0 0 0 
6. Autoclaved 
soil Boom 1.95 1.95 1.95 
7. Autoclaved 
soil, bacte­
rial additive Room 2.6 2.6 2.6 
8. Field soil, 
not infested 
(ck) Boom 0.65* 0.33* 0.49b 
9- Autoclaved 
soil, not 
infested 
(ck) Boom 0 0 0 
aGrovrth in cm. from the point of infestation, average of 
four replications. 
*0ne seedling. 
Figure 15. Tubes of Experiment 8 showing seedlings re­
moved from field soil (left) and autoclaved 
soil (right) at distances of 1.3, 2.6, and 
3.9 cm. (left to right) from the inoculum 
source. Note the healthy condition of all 
seedlings from field soil 
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spread in the epiphytology of Victoria blight and to obtain 
knowledge of some of the conditions that might affect such 
spread. 
Experiment 9 
Experiment 9 was conducted in the greenhouse to deter­
mine the rate of spread along roots from a primary infection 
locus. Several treatments suspected of affecting the rate 
of spread were included, namely a varietal mixture of Park 
and Glintland oats, the water-soak seed treatment, and three 
rates of planting. The experiment was conducted in two 
4x5 foot galvanized iron flats containing sand in which 
oats had been grown previously. Inoculum was placed in the 
center of each flat and oats were planted in eight rows radi­
ating from the center. The location of diseased plants was 
marked as they were observed during the progress of the ex­
periment, and their distance from the inoculum source was re­
corded at the end of the experiment five weeks after plant­
ing. Headings were often confounded by one or more healthy 
plants located between diseased plants and the inoculum 
source. Such a condition, early in the experiment, was 
assumed to be the result of seed-borne inoculum. The 
occasional occurrence of the condition as the experiment 
progressed, however, was assumed the result of escapes from 
secondary spread. All of the treatments reduced spread be­
low that which occurred from the Clorox-treated seeds of 
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Table 29. Maximum spread8- of Helminthosporium victoriae from 
primary infection loci along rows of Park oats. 
Experiment 9 
"variety 
Seed 
spacing 
in. Treatment Reps. 
Maximum, 
spread 
cm. 
1. Park è Clorox 4 33 
2. Park l Clorox 2 10 
3- Park 2 Clorox 4 23 
4. Park i Water-soak 2 20 
5. Alternately 
Park and 
Clintland 2 Clorox 4 15 
aMaximum spread indicated by blight symptoms, average of 
the indicated number of replications. 
variety Park planted one-half inch apart (Table 29). 
Experiment 10 
Experiment 10 was conducted under quasi-field condi­
tions in the spring of 1959• Experimental units were 14 by 
24 inch metal flats containing a garden loam in which oats 
had not been grown for four or more years. Holes were 
punched two inches apart each way in the firmed soil and two 
oat seeds treated in the manner indicated were planted in 
each hole (Table 30). At planting time inoculum (corr^ meal— 
sand cultures of H. victoria) was placed across the lower 
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Table 30. Spread3- of Helminthosporium victoriae as indicated 
by the maximum distance between the source of pri­
mary inoculum and plants showing symptoms at head­
ing. Experiment 10 
Variety Infested Treatment 
Maximum 
spread cm. 
Park No Clorox 15 
Park Yes Clorox 31 
Park Yes New Improved 
Ceresan 33 
Park Yes Water-soak 27 
Park Yes Clorox 
bacterial-soak 
27 
Glintland Yes Clorox 0 
Clintland No Clorox 0 
A^verage of five replications. 
ends of the slightly tilted flats and covered with soil. The 
flats were maintained out of doors and watered as necessary 
to keep the plants in a healthy condition. 
Plants showing blight symptoms shortly after emergence 
were marked with stakes. These plants represented the loci 
of primary infections from which measurements were made. 
Spread of the pathogen, indicated by symptom expression, was 
marked with stakes every three weeks thereafter until heading, 
6 weeks after planting. Occurrence of diseased plants 
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Table 31. Analysis3, of variance of the data in Table 30 
Source of 
variation 
Degrees of 
freedom Mean square 
Replications 4 
Treatments 4 255.94* 
Water-soak vs. New 
Improved Ceresan (1) 92.92 
Water-soak + 
bacterial soak vs. 
New Improved Ceresan + 
Clorox (1) 110.92 
Infested vs. 
Non-infested (1) 894.61** 
Error 16 62.20 
aThe analysis does not include data.from the Clintland 
treatments. 
S^ignificant at the 1 per cent level. 
S^ignificant at the 5 per cent level. 
surrounded by healthy plants was infrequent and limited mostly 
to the early stages of growth. Disease spread continued 
through the season until the last reading was made at heading, 
although relatively little was evidenced during the first 
three weeks of growth. 
The data (Tables 30 and 3D show the pathogen spread 
readily throughout the soil. In infested plots, spread was 
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not affected significantly by any of the treatments. Spread 
through uninfested flats of Park was very rapid; still, sig­
nificantly less spread occurred in these plots. This was 
probably due to the slower "start" of seed-borne inoculum com­
pared with the more rapid "start" provided by the applied in­
oculum. 
Plants of Clintland were removed from the flats at in­
tervals of 0, 15, and 30 cm. from the infestation-points. The 
crowns were removed, washed in water and plated on potato-dex­
trose agar. The plates showed the pathogen had not spread a 
distance of 15 cm. on Clintland roots. The pathogen was re­
covered only from plants adjacent to the points of infesta­
tion. It was not recovered from any plants in the uninfested 
Clintland checks. 
Experiment 11 
Information on secondary spread of the pathogen under 
field conditions was obtained in 1959. Experimental units 
consisted of four-foot rows one foot apart to which nine 
treatments were assigned in a randomized block design with 
four replications. Two days after planting, the plots indi­
cated (Table J2) were infested by placing a teaspoonful of 
a corn-meal-sand culture of H. victoriae in contact with ger­
minating seed at one end of each row. Three weeks after 
planting (April 13), and every two weeks thereafter until the 
flag leaves developed (June 10), locations of plants showing 
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Table 32. Spread3- of Helminthosporium victoriae from pri­
mary infection loci as indicated by symptom ex­
pression and as affected by several seed treat­
ments and one soil amendment. Experiment 11 
Treatment 
no. Variety 
Plant­
ing 
rate 
grams 
Soil 
in­
fested Treatment 
Weeks after 
infestation 
3 8 
1 Park 4 Yes Clorox 2.0 20.8 
2 Park 4 Yes Bacterial 
soak 
-2.7 31.3 
3 Park 4 Yes New Im­
proved 
Ceresan 
2.3 12.0 
4 Park 4 Yes Bacterial 
soak + 
manure . 
. amendment 
-3.1 32.0 
5 Park + 
Clintland 
4 Yes Clorox 1.5 9.8 
6 Park 1.3 Yes Clorox 0.3 26.3 
7 Park 4 No Clorox 0.0 12.5 
8 Park 4 Yes Water-
soak 
3-1 48.0 
9 Park 4 Yes None 3-3 34.8 
aAverage of four replications, in centimeters. 
symptoms were' marked; and the distance of each of these plants 
from the nearest known primary infection locus was determined. 
As the season progressed, it became obvious that interpreta­
tion of the data would be difficult due to the influence of 
92 
sources of primary inoculum other than those added artifi­
cially. Maps were made, therefore, showing locations of 
plants marked as showing symptoms on a given date and spread 
data were compiled from these maps. This facilitated elimina­
tion of most instances in which spread was due to extraneous 
primary inoculum. 
Water-soak seed treatment resulted in the greatest spread 
of any treatment (Table 32). This was 27.2 cm. greater than 
the Clorox-treated check, and 36.0 cm. greater than that in 
the New Improved Ceresan-treated plots (Table 33, 1 vs. 8 and 
3 vs. 8, respectively). These data suggest the low correla­
tion obtained in 1958 between seedling blight and mature-plant 
blight in plots receiving the water-soak treatment was not 
caused by a reduced rate of spread due to this treatment. 
Conversely, a high correlation between seedling blight and 
mature-plant blight in plots treated with Ceresan M was prob­
ably not the result of increased spread of the pathogen along 
roots due to this treatment. It should be recalled, however, 
that the season of 1958 provided growing conditions very dif­
ferent from those of 1959. 
A comparison of the treatments utilized in this experi­
ment shows those treatments most harmful to micro-organisms 
were also those treatments in which the least spread of H. 
victoriae was observed (Table 33, 1 + 3 vs. 2+4). The low 
seeding rate, 1/3 of normal, tended to reduce spread until 
three weeks after planting although the difference was not 
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Table 33- Analysis of variance of the data in Table 32 
Data Source of Degrees of 
analyzed variation freedom Mean square 
Three week 
data Replications 3 
Treatments 8 5.67* 
1 vs. 6 (1) 5.61 
Error 24 2.08 
Eight week 
data Replications 3 
Treatments 8 644.50* 
1 vs. 2 (1) 220.50 
1 vs. 3 (1) 153.12 
1 vs. 4 (1) 253.12 
1 vs. 5 (1) 242.00 
1 vs. 6 (1) 60.50 
1 vs. 8 (1) 1485.12* 
3 vs. 8 (1) 2592.00** 
1 + 3 vs. 9 (1) 900.38 
1 + 3 vs. 2 
+ 4 + 8 (1) 2058.41** 
2 + 8 vs. 9 (1) 16.33 
Error 24 237.99 
S^ignificant at the 1 per cent level. 
S^ignificant at the 5 per cent level. 
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significant at the 5 per cent level (Table 33» 1 vs. 6, 3-
week data). After three weeks, spread was rapid in the plots 
of this low planting rate as indicated by the fact spread 
eight weeks after planting was 5-5 cm. greater than the 
corresponding spread in the plots planted at the full rate. 
The blend of Clintland and Park resulted in the least spread 
of any treatment, although it was not significantly less than 
the comparable pure stand of Park (Table 33, 1 vs. 5). 
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DISCUSSION 
Interrelationships between soil-borne primary inoculum, 
seed-borne primary inoculum, and secondary root infection in 
the production of epiphytotic levels of Victoria blight have 
been emphasized in the presentation of these studies. The 
relative role of each has been considered and the control of 
each has been investigated. Experiments concerning the role 
of soil as a source of primary inoculum showed H. victoriae 
is similar to H. sativum in its inability to compete with the 
soil microflora. These pathogens do not possess sufficient 
saprophytic ability to maintain themselves at high population 
levels in the presence of competitive micro-organisms. This 
was confirmed by soil survey data which showed very little 
disease occurred in plots planted with disinfested seeds at 
several locations in Iowa in 1957 and 1958. 
Inoculum potential in autoclaved soil generally decreased 
in a manner similar to that observed for non-autoclaved soil, 
except the former was delayed about two weeks. Recontamina­
tion of autoclaved soils soon occurred as evidenced by air­
borne fungi which sporulated on the soil surface by two weeks 
after autoclaving. Hence, these delayed decreases could also 
be attributed to microfloral antagonism. 
Data from Experiment 3 cLicL not correspond to those of the 
other experiments on the saprophytic role of H. victoriae. In 
this experiment a more virulent isolate of the pathogen was 
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used and it is believed the potential of the applied inoculum 
was so great the effects of the soil microflora on this poten­
tial were not detected, i.e., the mass effect of the inoculum 
masked the more subtle effects of the soil microflora. 
In Experiment 4, antagonism was indicated by emergence 
data but not by seedling blight data. Less active development 
of antagonistic response in this experiment is attributed to 
low moisture levels during the experiment which reduced micro-
floral activities and their effects on H. victoriae. 
The inoculum potential of H. victoriae decreased signif­
icantly after two weeks of association with the microflora of 
untreated soil in Experiment 5, as shown by both root necrosis 
and emergence data. Emergence data also indicated the in­
oculum potential decreased after two weeks in formaldehyde-
treated soil, however. This suggests the soil microflora 
might not have been the agent responsible for the decrease. 
The very gradual trend of the emergence data for treated soil 
(Figure 1-3) combined with the typical two-week delay shown by 
the root necrosis data (Figure 14) provide ample evidence to 
support the hypothesis that the soil microflora was the agent 
responsible for the decrease in inoculum potential in un­
treated soil. 
The soil microflora severely limits the soil as a source 
of primary inoculum of H. victoriae. The pathogen probably 
must be present as mycelium in undecomposed host tissues or 
as resting spores to maintain sufficient inoculum potential to 
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cause infection. Such limitations increase the vulnerability 
of soil-borne primary inoculum to control measures. 
The soil microflora is assumed to manifest itself on or 
affect adversely the growth of mycelium and, perhaps, the ger­
mination of spores of H. victoriae. A possible practical ap­
plication of this knowledge arises from a consideration of 
the work of Chinn and Ledingham (1957) in which green manure 
additives were found to stimulate germination of H. sativum 
spores after which the germlings were unable to establish 
themselves and died. On these bases, a green manure crop 
should have a two-fold value : (1) it would stimulate spore 
germination and subsequent destruction of germlings, and (2) 
it would stimulate microfloral activity and subsequent de­
struction of the mycelium. 
Seedling blight from soil-borne primary, inoculum of H. 
victoriae was not controlled significantly by any seed treat­
ment tested. Of the materials tested, Panogen-15 resulted in 
the best control. 
Mature-plant blight was controlled significantly in Ex­
periment 6 by the water-soak seed treatment. Experiments de­
signed to test the hypothesis that this control was the re­
sult of restricted spread of the pathogen indicated rejection 
of this hypothesis (Experiment 11). 
Seed-borne primary inoculum was controlled significantly 
by,treating seed with Clorox or Ceresan M as well as by the 
water-soak treatment (Experiment 7, Table 26). The effects 
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of Ceresan M and the water-soak treatment on emergence in Ex­
periment 6 were due to drouth during germination coupled with 
seed damage from an excess of Ceresan M in one case, and dam­
age caused by two soakings of the seed in the other. 
None of the treatments used in these experiments was 
effective in restricting spread of the pathogen. The water-
soak treatment which significantly reduced mature-plant blight 
in Experiment 6, tended to reduce mature-plant blight and to 
be negatively correlated with seedling blight in Experiment 7. 
It was not very effective in reducing spread of the pathogen 
in Experiments 9 and 10, however, and significantly increased 
spread in Experiment 11. It seems the factor involved in re­
duction of mature-plant disease by the water-soak treatment 
does not affect secondary spread. 
A "blend of the varieties Park anêî Clint land tended to re­
duce spread in two experiments (9 and 11). The data provide 
evidence the decrease in the frequency of susceptible plants 
(to every second plant in the blend) is not the basis for the 
observed reduction in spread (Experiment 11). Decreased 
spread along roots of the resistant variety may be a factor 
for future consideration. 
The effects of temperature and moisture on spread of the 
pathogen have not been determined in this study. That these 
factors are important in spread was observed in Experiment 4, 
'conducted in 1958 just west of a row of trees. These trees 
gave rise to a temperature and moisture gradient by shading 
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the plots part of each morning". The limited Victoria blight 
development in this area was striking in that blight was very 
severe in one area parallel with the trees. Observations in­
dicated this area was one of higher moisture levels and lower 
temperatures. The wettest area nearer the trees had little 
blight, apparently due to some effect of the heavier shade, 
lower temperature, and higher moisture. The effect of the 
different soil microflora nearer the trees is not known. 
These observations are in accord with McKizmey (1923) who 
showed high temperature and high moisture were most favorable 
for development of disease caused by H. sativum in the field 
and greenhouse, and Wilson (1955) who showed higher tempera­
tures were most favorable for the growth of K. victoriae in 
the laboratory. The effect of moisture is further confirmed 
by the high spread rates when rainfall was high during the 
first two months of the 1959 growing season. 
The mechanism by which the pathogen spreads from pri­
mary infections to sites of secondary infection has been con­
sidered herein to be root-to-root spread. The alternative 
mechanism of secondary spread, i.e., sporulation of the patho­
gen in primary infection sites and subsequent infection of 
healthy crovms from spores, has been minimized in this study 
due to the fact Meehan (1950 -27) reported spore inoculations 
induced light yellow spots, but she does not mention further 
development of symptoms. Atkins (1951) reported frequent 
occurrence of foliage lesions in Louisiana but does not 
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Indicate crown invasion follows such lesions. Paddock (1953), 
however, has shown the pathogen can "become established in leaf 
tissues following inoculation with spores, but in experiments 
not reported herein, typical infections of the crown were 
not obtained when spores diluted with talc were used as in­
oculum. Since foliage lesions are not encountered frequently 
under field conditions, and since infections of crowns of 
young plants from air-borne spores must occur by penetra­
tion of the developing leaves, it does not seem that air­
borne spores play an important role in the induction of sec­
ondary crown infections. Their importance in initiating in­
fection on lower, senescent leaves of older plants is not 
known. 
In view of the information on secondary spread obtained 
in this work, a sound basis for additional research is pro­
vided. Tveit and Moore (195^ ) found Chaetomium globosum Kze. 
and C_. cochliodes Falliser controlled Victoria blight in non-
sterile soil when infested seed were treated with a ground 
Chaetomium dust. These fungi also controlled the disease in 
sterilized soil when such soils were infested simultaneously 
with H. victoriae and the Chaetomium species. These workers 
suggest the lack of serious levels of Victoria blight in 
Brazil is due to the abundance of these saprophytic fungi in 
the soil. The fact oat seeds in Brazil are often heavily in­
fested with H. victoriae supports this suggestion. The pres­
ent studies suggest the Chaetomium species aside from possible 
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effects on primary inoculum, may inhibit spread of the path­
ogen from loci of primary infections. Further studies along 
these lines might yield information of value, not only with 
regard to H. victoriae, but with implications that might be 
applied to H. sativum. 
Knowledge that secondary spread does occur in the disease 
cycle (Experiments 9, 10 and 11) has resulted in a change in 
viewpoint concerning theoretical control of Victoria blight. 
Formerly, primary inoculum was considered as chiefly responsi­
ble for development of epiphytotics. On this basis, chemical 
seed treatments and crop rotation to control seed-borne and 
soil-borne primary inoculum, respectively, should be adequate 
to control the disease. With the rates of secondary spread 
obtained in these experiments, however, such control methods 
are inadequate. Under the conditions of these experiments, it 
was calculated that a seedling blight level of 2 per cent, 
commonly considered an adequate level of control, could result 
in 50 per cent or more of the plants becoming infected by 
heading time, assuming a seeding rate of 35 seeds per foot 
(about 3 bu./A.). These considerations emphasize that a 
basic requirement in adequate Victoria blight control other 
than by using resistant varieties is the development of a 
means of decreasing the rate of spread of the pathogen. 
These studies with those reported by others indicate a 
control program for Victoria blight, assuming resistant vari­
eties could not be grown, would include the following 
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features: 
1). Use of a fallow or rotation program to encourage the 
antagonistic action of the soil microflora on ex­
isting soil-borne inoculum. Probably a green manure 
crop would be most effective in reducing this in­
oculum source because of its alleged two-fold ef­
fect. 
2). Application of a seed treatment material, either 
biological or chemical, capable of reducing seed-
borne primary inoculum to considerably less than 
2 per cent. 
3). Use of some means of reducing spread of the patho­
gen from primary infections. Varietal mixtures 
were somewhat effective in these experiments. Al­
tering the soil environment to favor development of 
the cellulose-decomposing Chaetomium species may 
reduce spread. 
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SUMMARY 
A study of Victoria blight has shown two of three etio­
logical factors that precipitate epiphytotics are amenable to 
control. Soil-borne primary inoculum, that inoculum first 
produced after a season of dormancy, was shown to decline 
when associated with soil microflora under greenhouse and 
field conditions. Activity of the soil microflora was respon­
sible for this decline by virtue o.f the fact similar declines 
did not occur in autoclaved and formaldehyde-treated soils 
until sufficient time had elapsed for such soils to become 
recolonized by micro-organisms. Soil-borne primary inoculum 
was not successfully controlled with any of several seed 
treatment materials. 
Seed-borne primary inoculum, the second factor, was lim­
ited to low levels by all seed treatment materials tested. 
This work is confirmatory. 
Secondary spread of the pathogen, the third etiological 
factor involved in the epi'phytotic development of Victoria 
blight, was found to play a decisive role in such develop­
ment. The pathogen, however, did not grow through unsteri-
lized soil in the absence of living host tissue. The rate of 
secondary spread, apparently along roots, was sufficient to re­
sult in infection of a high percentage of plantseven though 
primary infections were reduced to low levels. None of the 
treatments tested in these experiments was outstanding in 
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the control of secondary spread, although the use of varietal 
mixtures was somewhat effective. 
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APPENDIX 
Table 34. Emergence8, data of Experiment 4 
Treatment Planting date 
Soil Seed • April 9 April 16 April 23 May 7 Mean 
Infested No treatment 47.6b 72.4 60.0 50.6 57.7 
Ceresan M 41.2 38.2 45.2 30.2 38.7 
Not 
infested No treatment 105.2 113.6 ' 91.2 69.6 94.9 
Ceresan M 97.4 67.8 81.6 40.2 71.8 
Mean 72.9 73.0 69.5 47.7 
aNumber of plants per two foot row, average of five replications. 
L^east significant differences (Cochran and Cox, 1950, p. 223) for testing: 
1. Difference between two treatment means = 9.7. 
2. Difference between two treatment means of one.planting = 19.38. 
3. Difference between two planting means of one treatment = 20.46. 
Table 35. Seedling blight8, data of Experiment 4 
Treatment Planting date 
s Soil Seed April 9 April 16 April 23 May 7 Mean 
Infested No treatment 14.7b 5.5 2^.6 28.4 18.6 
Ceresan M 13.5 3.5 20.2 33.6 17.7 
Not 
infested No treatment 8.1 1.5 9.5 19.8 9.7 
Ceresan M 7.3 2.9 10.4 23.9 11.1 
Mean 10.9 3.4 16.4 26.4 
aPeroentage seedlings blighted, average of five replications. 
L^east significant differences (Cochran and Cox, 1950, p. 223) for testing : 
1, Difference between two treatment means = 3.70. 
2, Difference between two treatment means of one planting = 7.42. 
3, Difference between two planting means of one treatment = 9.59. 
Table 36. Mature plant blight8, data of Experiment 4 
Treatment Planting date 
Soil Seed April 9 April 16 April 23 May 7 Mean 
Infested No treatment 22.0b 22.0 30.0 40.0 28.5 
Ceresan M 20.0 34.0 26.0 66.0 36.5 
Not 
infested No treatment 31.0 12.0 38.0 56.0 34.3 
Ceresan M 27.0 40.0 51.0 36.3 
Mean 25.0 23.8 33.5 53.3 
P^ercentage of culms with symptoms, average of five replications. 
bLeast significant difference for testing: (Cochran and Cox, 1950, p. 223): 
1. Difference between two treatment means = 3.14. 
2. Difference between two treatment means of one planting = 6.28. 
3. Difference between two planting means of one treatment = 20.11. 
Table 37. Analysis of variance of the emergence, seedling 
blight, and mature plant blight data of Experiment 
4 
Data Source of Degrees of Mean 
analyzed variation freedom square 
Emergence Replications 4 
2964.3** data Plantings 3 
Error 
3» 
12 212.87 
Treatments 3 11220.2** 
Interaction 9 884.3** 
(T X P) 
Error^  48 225.54 
Seedling Replications 4 
1883.97** blight data Plantings 3 
Error 
a 12 107.67 
Treatments 3 406.51** 
Interaction 9 83.84* 
(T X P) 
Errors 48 34.93 
Mature Replications 4 
plant Plantings 3 1545.42 
blight Errora 12 785.83 . 
Treatments 277.08** 
Interaction 9 1081.25** 
(T X P) 
Errorb 48 24.74 
S^ignificant at the 1 per cent level. 
S^ignificant at the 5 per cent level. 
